A previous genomewide association study of nonobstructive azoospermia (NOA) in the Han Chinese population identified three risk loci (rs12097821, rs2477686, and rs10842262) and provided strong evidence for a genetic influence in male infertility. However, recently, a follow-up study of these single nucleotide polymorphism (SNP) loci in the Japanese population showed that none of them were significantly associated with NOA. Therefore, we conducted an association study, consisting of 550 NOA cases and 555 normal controls, to further validate whether the risk of those three SNPs still existed in an independent Han Chinese male population. The association studies did not support the association of rs12097821 and rs2477686 with NOA for both genotype and allele distributions, but rs10842262 in the SOX5 gene was significantly associated with NOA (chi square ¼ 9.31; P ¼ 0.0095 and chi square ¼ 9.27; P ¼ 0.0023, respectively). Our study provides genetic evidence for SOX5 polymorphism in NOA, contributing to predicting males at high risk of NOA in Han Chinese population. Considering genetic differences among populations, future validating studies in independent samples are suggested. association study, nonobstructive azoospermia (NOA), single nucleotide polymorphism (SNP) 
INTRODUCTION
Azoospermia, which is defined as the absence of sperm in semen, is present in about 10%-15% of adult infertile men [1, 2] and remains one of the main etiologies of adult male infertility. Men with azoospermia can be typically divided into obstructive azoospermia and nonobstructive azoospermia (NOA) [3] , and the proportion of NOA in azoospermia is about 60% [4] .
Although emerging data suggest environmental factors play an important role in male infertility, NOA has been considered to be mostly associated with genetic abnormalities, such as Y chromosome microdeletions, abnormal chromosome karyotypes, including 47,XXY, 47,XXY/46,XY 47,XYY, 47,XYY/ 46,XY, 45,X, and other chromosomal deletions, duplications, or inversions [5, 6] . Recently, numerous genetic studies have also reported several risk genes and polymorphisms for male infertility [7] , including 5-methylenetetrahydrofolate reductase (MTHFR; C677T, A1298C, G1793A) [8] , gonadotropinregulated testicular RNA helicase (GRTH/Ddx25; IVS6þ55G-T, IVS8þ10A-C, c.852C-T, c.927G-A) [9] , endothelial nitric oxide synthase (eNOS; T786C, G894T, 4a4b) [10] , androgen receptor (AR; rs6152, rs1204038, rs1337082) [11] , and estrogen receptor (ERa; rs6932902) [12] . Up to now, a previous genomewide association study (GWAS) of 2927 NOA cases and 5734 controls has identified three genetic susceptibility loci for NOA in the Han Chinese population, PRMT6 (rs12097821 at 1p13.3), PEX10 (rs2477686 at 1p36.32), and SOX5 (rs10842262 at 12p12.1) [13] . Additionally, the research group further elucidated the pathogenesis of NOA through sequencing the potential functional regions of these identified genetic susceptibility genes [14] . However, a follow-up study in the Japanese population failed to validate these findings [15] . Moreover, another two GWASs of NOA were also performed, showing different risk loci (802 NOA cases and 1863 controls of Han Chinese origin) [16] and no risk locus (40 NOA cases and 80 controls of European origin) [17] . Collectively, these reported association studies of NOA and risk loci have improved our understanding of the pathophysiology of male infertility and further development of effective treatment and preventive strategies. However, the 1 Supported by the National Natural Science Foundations of China (grant number 30973069, 30672146) and the Foundation of Pujiang (grant number 08PJ14100). 2 Correspondence: E-mail: hongliang_hu67@hotmail.com 3 Correspondence: E-mail: Caoyunxia6@126.com 4 Correspondence: E-mail: shiyongyong@gmail.com 5 These authors contributed equally to this work and should be regarded as joint first authors. inconsistent results of these association studies for NOA call for further confirmation. Because a large portion of the NOA has not been well explained with known factors, we hypothesize that these above contradictory results may originate from interregional genetic differences, and the three risk loci previously reported by Hu et al. [13] may point toward risk factors of NOA in the Han Chinese population. Therefore, we carried out a case-control study of these three single nucleotide polymorphisms (SNPs) and NOA in an independent Han Chinese population by direct sequencing, including 550 NOA cases and 555 healthy controls.
MATERIALS AND METHODS

Subject Population
The case-control study contained 550 NOA patients (ages ranged from 23 to 45 yr) and 555 control individuals (ages ranged from 22 to 35 yr). All the patients and controls were of Han Chinese origin. First, the NOA patients recruited in this study were strictly screened by clinicians from eight hospitals in China. For a diagnosis of NOA, a standard clinical examination procedure was performed, such as medical history, physical examination, semen analysis, serum hormone analysis, ultrasound evaluation, and genetic examination, including karyotype testing, Y chromosome microdeletion detection, etc. Then, patients were excluded if NOA risk-associated karyotype anomalies, genetic abnormalities, or Y chromosome microdeletions existed. Finally, only NOA patients without known pathogenicity factors were included in this study. The healthy controls with normozoospermia were randomly recruited from Shanghai Human Sperm Bank (Shanghai Province, China). This study was conducted following the approval from the Ethics Committee of Renji Hospital, Shanghai Jiao Tong University School of Medicine, and all the subjects have signed written informed consent for this genetic research.
Genotyping
Three SNPs (rs12097821 at 1p13.3, rs2477686 at 1p36.32, and rs10842262 at 12p12.1) were included in our current study following the GWAS of NOA in Chinese populations (Hu et al. [13] ). Firstly, peripheral blood samples (1 to ;1.5 ml) were obtained from all the above subjects, and then total DNA from peripheral white blood cells was extracted according to the manufacturer's protocols in the kits (Tiangen Biotech Co., Ltd.). Extracted DNA was confirmed and quantified with a NanoDrop 1000 Spectrophotometer (Thermo Scientific). For the genotyping of these SNPs, PCR amplification was initiated in the GeneAmp PCR System 9700 (Applied Biosystems), and then PCR products were purified using SAP/Exo I (Applied Biosystems) reactions before being utilized for sequencing reactions with BigDye Terminator mix (Applied Biosystems). Finally, direct DNA sequencing was performed on ABI 3100 instruments (Applied Biosystems) in Shanghai Jieli Biotechnology Co., Ltd. The primer sequences (listed in Supplemental Table S1 ; Supplemental Data are available online at www.biolreprod.org) were obtained by Shanghai Generay Biotech Co., Ltd.
Statistical Analysis
In the case-control study, we tested the Hardy-Weinberg equilibrium, allele and genotype frequencies, and risk association by using the online software SHEsis (http://analysis.bio-x.cn), a powerful and user-friendly software platform [18] . The chi square and odds ratio (OR) values were calculated using SPSS Windows version 17.0 software.
RESULTS
For the association study, we genotyped these three SNPs (Fig. 1 ) in all the cases and controls from the same geographic region (Chinese populations) as the recent GWAS, and our experiments obtained a high proportion of genotyping success rates (92.3% to ;95.5%). Overall, no deviation from the Hardy-Weinberg equilibrium was observed either in the selected case or control populations (P . 0.05, Table 1 ), and that was in concordance with Mendel's law of inheritance.
In this independent cohort, we found significant differences of the rs10842262 in SOX5 between cases and controls by comparing the genotype and allele frequencies (chi square ¼ 9.31 and P ¼ 0.0095 and chi square ¼ 9.27 and P ¼ 0.0023, respectively). The risk allele frequency of the case group is 33.6% (OR ¼ 1.3350, 95% CI ¼ 1.1081 to 1.6083). Therefore, the NOA-risk SOX5 polymorphism was strongly validated in our association study. However, there was no statistically significant difference in genotype or allele frequency distributions for rs12097821 and rs2477686 (P . 0.05 for both). Notably, the ORs of these two loci still displayed the same directional trend (ORs . 1) as previously reported. The results are shown in Table 1 . In addition, no genetic alterations (i.e. base insertions, deletions, and mutations) were found in the sequencing data of either the case or control groups.
DISCUSSION
NOA presents a clinically common type of male infertility, showing disorder of spermatogenesis with impaired male germ cell development [19] . Recently, several studies have indicated that idiopathic NOA may be associated with unknown genetic abnormalities [13, 16, 20] . Therefore, chromosomal analysis and Y-chromosome microdeletion detection are valuable for clinical diagnostic protocols of male infertility [21] ; chromo- somal abnormalities and Y-chromosome microdeletions in azoospermia account for 15% to ;17% [22] and 21% to ;23% [23] of cases, respectively. However, the pathogenicity factors of more than 50% of azoospermia are still unknown [24] . There remains a great need to uncover those potential risk factors of NOA for a better understanding of its pathogenic mechanisms. In our study, all the cases were unexplained NOA patients; therefore, our results were not contaminated by known genetic factors. In our study, we found that SOX5 (rs10842262 at 12p12.1) was associated with NOA in the Han Chinese population. To our knowledge, SOX5 encodes a transcription factor with a high-motility group (HMG) box DNA-binding domain, which is homologous to that of the sex-determining region (SRY) protein [25] , as shown by previous studies. In testis, SOX5 was found to be highly expressed in the nucleus of round spermatids, indicating its crucial role in tail deformation during the process of spermatogenesis [26] . In addition, Kiselak et al. [27] recently found that the S-SOX5 (48-kDa SOX5 protein) was only expressed in tissues containing motile cilia, namely testis, lung, and brain, and functioned in the formation and function of motile cilia by targeting the SPAG6 gene, the promoter of which contained numerous SOX5-binding sites. Therefore, SOX5 plays crucial roles in regulating the process of spermatogenesis during testis development.
Up to now, an association study of NOA-risk SNPs in the Japanese population [15] has shown no significant difference in several reported loci (rs12097821 at 1p13.3, rs2477686 at 1p36.32, rs10842262 at 12p12.1, and rs6080550 at 20p13), which is almost inconsistent with findings of the previous GWAS in the Han Chinese populations. However, the ORs of rs12097821, rs2477686, and rs6080550 showed the same direction between these two studies. In our case-control study, the susceptibility of these three SNPs was analyzed in an independent cohort, and we only detected an association between rs10842262 and NOA (P ¼ 0.0023; Table 1 ), suggesting that SOX5 gene was a promising risk factor for NOA in the Han Chinese population. Overall, the genotypic or allelic frequencies of those three SNPs were inconsistent in different geographic regions or populations, and these may be explained by genetic variations across populations or a risk of false positive of the risk loci reported by the original GWAS studies in Chinese subjects [28] . Therefore, these risk loci need to be investigated using more samples from different geographic regions for further confirmation. Furthermore, it is also important to notice that there are two other GWASs of NOA reported previously [16, 17] , both of which showed different results. The inconsistent evidence for the association studies of NOA between different studies indicates the complex pathogenesis of NOA and the urgent need for more validating studies.
In summary, our association studies strongly supported rs10842262 in the SOX5 gene to be a risk locus for NOA in the Han Chinese population. In addition, we still need more evidence, including independent validation and functional experiments, in the near future to reveal the exact role of this NOA susceptibility gene SOX5.
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